Purpose The pathogenesis of appendicitis is not well understood. Environmental factors are regarded most important, but epidemiologic findings suggest a role of inflammatory and genetic mechanisms. This study determines the association of single nucleotide polymorphisms (SNPs) of inflammatory genes with appendicitis. Methods As part of a larger prospective study on the diagnostic value of inflammatory variables in appendicitis, the genotype frequency of 28 polymorphisms in 26 inflammatory response genes from the appendicitis and control patients was analyzed in blood samples from 343 patients, 100 with appendicitis, and 243 with non-specific abdominal pain, using TaqMan SNP genotyping assays. Results Associations with appendicitis were found for SNPs IL-13 rs1800925 with odds ratio (OR) 6.02 (95% CI 1.52-23.78) for T/T versus C/C + T/T, for IL-17 rs2275913 with OR 2.38 (CI 1.24-4.57) for A/A vs G/G + GA, for CCL22 rs223888 with OR 0.12 (0.02-0.90), and for A/A vs G/G + GA. Signs of effect modification of age for the association with appendicitis were found for IL-13 rs1800925 and CTLA4 rs3087243. Stratified analysis showed difference in association with severity of disease for IL-17 rs2275913 and CD44 rs187115.
Introduction
Appendicitis is the leading cause of abdominal emergency surgery. The etiology of appendicitis is not well known. Obstruction of the outflow from the appendix, usually caused by a fecalith, leading to tissue necrosis and secondary bacterial invasion, is the leading hypothesis but can only be found in a minority of cases [1] . The occurrence of space-time clustering suggests an infectious etiology but no responsible infectious agent has been identified [2] . A randomized placebocontrolled trial of antibiotics treatment in assumed uncomplicated appendicitis found a high rate of healing with no additional effect of antibiotics, suggesting a non-bacterial etiology in uncomplicated appendicitis [3] .
Other possible etiological factors are hormonal effects, supported by differences in incidence rate between the sexes and variations in incidence during the menstrual cycle and pregnancy [4] . Appendicitis is inversely associated with ulcerative colitis (UC) and directly associated with Crohn's disease (CD), suggesting an association for these entities with a common immune response [5] [6] [7] . Hereditary factors may also be involved as suggested by differences in the incidence rate associated with the geographic origin in first and secondgeneration immigrants and international adoptees [8] .
Two different entities of appendicitis has been suggested, one progressing to gangrene and perforation (advanced) and one that resolves spontaneously (phlegmonous) [9] . Advanced and phlegmonous appendicitis may therefore represent the outcome of two different pathogenesis. This hypothesis is also supported by findings of divergent immune regulation in patients with a history of phlegmonous and gangrenous appendicitis [10, 11] .
Polymorphic variants of genes may mediate and modulate the inflammation in inflammatory bowel diseases [12] . In the present study, we analyze the association of single nucleotide polymorphisms (SNPs) related to inflammatory genes with the risk of appendicitis and its severity.
Methods

Patients and controls
The patients in this report comes from a previously reported study which included 432 consecutive patients admitted for suspicion of appendicitis to Linköping University Hospital and County Hospital Ryhov in Jönköping, Sweden, during the period from 1 December 2003 to 17 August 2005 [11] . All patients presenting at the emergency departments with complaints of lower abdominal pain with a duration of less than 5 days were eligible. Pregnant women or patients with any known other inflammatory condition or on antiinflammatory treatment were not included, nor were patients incapable of giving informed consent due to mental illness. Blood samples were taken on admission. The final diagnosis of operated patients was based on a re-examination of the appendix specimen by one pathologist, using a structured protocol and blinded to all clinical information and to the result of the primary histopathologic examination. The histopathologic criterion for phlegmonous appendicitis was an acute, transmural inflammation. Appendices with transmural necrosis or perioperative signs of perforation were characterized as advanced appendicitis. Patients with uninflamed appendices and non-operated patients with unspecified and transient abdominal pain with no established appendicitis diagnosis were deemed to have non-specific abdominal pain (NSAP).
Blood samples for analyzing genomic DNA were available for a subset of 343 of the included patients. All blood samples were centrifuged within 1 h to separate plasma and blood cells and stored at − 70°C until analysis.
The investigated 28 SNPs represent the following genes: interleukin (IL)-1β, IL-2, IL-4, IL-4Rα, IL-5, IL-6, IL-10, IL-12B, IL-13, IL-17, and IL-32; chemokines CCL2, CCL11, CCL20, CCL22, and CXCL10; matrix metalloproteinase (MMP)-2, MMP-12, and MMP-13; cluster of differentiation (CD)44; toll-like receptor (TLR)4 and TLR5; interferon (IFN)-γ; transforming growth factor (TGF)-β; and cytotoxic T lymphocyte antigen (CTLA)4 ( Table 1 ). These SNPs were selected because of a known association with inflammatory bowel disease, inflammatory response, recognizing bacterial molecules and intestinal injury. Most of them are promoter SNPs with an effect on the transcription level of the cytokines.
DNA preparation and genotyping
Genomic DNA was isolated from blood samples using QiaAmp DNA Kit (Qiagen, Hilden, Germany). DNA samples were genotyped using the TaqMan SNP assays (Applied Biosystems, Foster City, CA, USA) of the 28 SNPs according to Table 1 . DNA (10 ng) was mixed with Taqman Genotyping Master Mix (Applied Biosystems) and was amplified using the CFX96 Real-Time system (Bio-Rad). Amplification was performed using an initial cycle at 50°C for 2 min, followed by one cycle at 95°C for 10 min, and finally 40 cycles at 95°C for 15 s and at 60°C for 1 min. The Bio-Rad CFX Manager software, version 3.1 (Bio-Rad, CA, USA) was used to assign the genotypes. 
Ethics
All patients were given written and verbal information. Verbal consent, obtained from the patient or from the legal guardian for children, was accepted. The study was approved by The Regional Ethical Review Board at Linköping number FEK 03-225 and M148-04.
Statistical analysis
Distribution of genotypes in the appendicitis and NSAP patients and in subgroups of appendicitis patients according to clinical characteristics, severity of disease, and age (stratified at the median age 22 years) was analyzed using chi-squared or Fishers exact test, where appropriate. Differences between the groups were expressed as odds ratio (OR) with 95% confidence intervals (CI). The presence of effect modification on the multiplicative and additive scale was assessed from the ratio of odds ratios and estimates of the attributable proportion, respectively. 
Results
We included 100 patients (57 males and 43 females) with a final diagnosis of appendicitis and 243 patients (106 males and 137 females) with a final diagnosis of non-specific abdominal pain (NSAP).
Genotype distributions of selected SNPs in the appendicitis patients and controls
Significant differences in the genotype distribution were observed between the appendicitis and NSAP patients for IL-13, IL-17 and CCL22 (Table 2 ). In patients with appendicitis, 7.0% had genotypes IL-13 T/T and 93% had IL-13 C/C + C/T. The corresponding proportions for the NSAP patients were 1.2% and 98.8% (p = 0.008), respectively. The frequency of IL-17 A/A and IL-17 G/G + G/A was 20.0% and 80% in the appendicitis patients compared with 9.5% and 90.5% in the NSAP patients (p = 0.025), respectively. The IL-13 T/T and IL-17 A/A genotypes were associated with an increased risk of appendicitis with OR = 6.02 and OR = 2.38, respectively ( Table 2) . For the CCL22 genotypes, we found a marked rare presence of the genotype A/A in appendicitis (1.0%) compared with the NSAP patients (7.8%) (p = 0.011) ( Table 2 ). The CCL22 genotype A/A was thus associated with a low risk of appendicitis with an OR = 0.12. All other polymorphisms investigated showed a lack of statistically significant association with appendicitis (data not shown). Each polymorphism was in Hardy-Weinberg equilibrium.
Genotype distributions in stratified analyses
Stratified analysis showed a difference between younger and older appendicitis patients in the distribution of genotypes for CTLA4 and IL-13 with signs of effect modification of age for the association with appendicitis (Tables 3 and 4 ).
The genotype CTLA4 G/A + A/A was associated with a higher risk of appendicitis in younger patients and a lower risk in older patients with significant indices for both multiplicative and additive effect modification. Genotypes IL-13 C/T + T/T was associated with a higher risk of appendicitis in the younger patients and a lower risk in older patients, with a nonsignificant ORs within the strata, but significant ratio of ORs (ROR 0.32, p = 0.023), suggesting an additive effect modification.
An association with severity of disease was found for IL-17 and CD44 with an increased risk for advanced appendicitis associated with the genotype IL-17 A/A (OR 3.17) and CD44 G/G + G/A (OR 3.8) compared with IL-17 G/A + G/G and CD44 A/A, respectively ( Table 5 ). For IL-6, we found a lower frequency of the A/A genotype in advanced appendicitis (8.3%) compared to patients with simple appendicitis or NSAP (18.8%). However, this association was nonsignificant (p = 0.28) probably due to the small sample size.
Discussion
We report for the first time an association of appendicitis with polymorphism in five genes (IL-13, IL-17, CCL22, CTLA4, and CD44). We found a non-significant association with advanced appendicitis for SNP IL-6 rs1800975 which can give support to a previously reported association in a larger sample and confirmed previous reports of no association of SNP TLR4 rs4986790 with appendicitis [15, 30] .
Understanding the pathogenesis of appendicitis may have important implications for the choice of treatment. Untreated appendicitis has been regarded as a progressive condition that eventually will lead to tissue necrosis and perforation, emphasizing the need of early surgical treatment [1] . This is certainly the case when luminal obstruction is present, which is however only found in a minority of cases. Antibiotics treatment has recently been proposed as an efficient alternative to surgery in uncomplicated appendicitis [31] . However, a placebocontrolled study of antibiotics treatment found a high rate of healing in the placebo arm and no additional effect of antibiotics [3] . This is in line with the hypothesis of two different entities of appendicitis, one progressing to perforation and another that will resolve spontaneously if untreated [32] .
An immunologically driven pathogenesis in appendicitis has been suggested based on inverse relation between appendicitis and UC in patients younger than age 20 years, a positive association with CD and a low incidence during third trimester pregnancy followed by a rebound effect with a peak in incidence post-partum [4] [5] [6] [7] .
The immune response can induce or exaggerate diseases through the local production of cytokines, which may be reflected by increased levels in plasma, serum, and peripheral blood mononuclear cells in appendicitis patients [10, 11] . The cytokine production can at least partially be influenced by genetic polymorphisms in cytokine genes, which can play a role in susceptibility to various diseases [12, 13, 15] . The associations found in the present study may therefore suggest a pathogenetic role of IL-13 rs1800925, IL-17A rs2275913 and CCL22 rs223888 with an increased risk for appendicitis associated with genotypes IL-13 T/T, IL-17 A/A, and a low risk for carriers of the genotype CCL22 A/A.
An observed inverse association between appendectomy and ulcerative colitis has been proposed to be an immunological effect of the appendectomy itself. Epidemiological studies have however shown clear evidence that the association is related to appendicitis in young age [5, 6] . A hypothetical mechanism could be that one or several constitutional genetic factor(s) have inverse associations with appendicitis in young age and ulcerative colitis. Interestingly, we found signs of an effect modification of age for the CTLA4 gene, with a lower proportion of CTLA4 genotype G/G in appendicitis patients ≤ [29] . Previous studies found an increased risk of UC associated with SNP CTLA4 rs3087243 G>A and a dominance of the genotype A/A and lower extent of the genotype G/G in healthy control subjects compared to patients with ulcerative colitis [29, 33] . This SNP also seems to have an effect on the expression of the CTLA4 gene [29] . The effect modification of age for the CTLA4 gene on the risk of appendicitis could explain the inverse association seen between appendectomy for appendicitis at young age and the development of ulcerative colitis.
C/T + T/T vs C/C c G/A + A/A vs G/G 22 years, whereas genotype G/A + A/A was less common in appendicitis patients > 22 years. CTLA4 is expressed on T cells and is involved in tolerance and downregulation of T cell activation
An association to the pregnancy related variations in the Th1/Th2 balance has been proposed as an explanation to the strong variations in incidence during pregnancy [9, 10] . The Th2-dominated profile during the third trimester should accordingly be protecting against appendicitis. IL-13 is produced by T helper 2 (Th2) cells [12] . The SNP IL-13 rs1800925 affects the IL-13 production to a higher level by the T allele, and the genotype C/T and allele T is associated with a higher risk of CD and UC [34, 35] . IL-13 producing NK T-cells is also associated with a Th2-like inflammation in ulcerative colitis [36] . IL-13 plays a positive role in the induction and maintenance of IgE production and IgE mediated allergic responses [37] . Recently, it has been shown that children with IgE mediated allergy had a lower risk of complicated appendicitis [38] .
We found an increased risk of appendicitis associated with IL-17A rs2275913 allele A. IL-17 is secreted by T helper 17 (Th17) cells and acts on a variety of cells which respond by upregulating expression of inflammatory cytokines, chemokines, and metalloproteases [12] . The expression of IL-17 is increased in intestinal mucosa of patients with inflammatory bowel disease [39] . Ruber et al. noted higher level of IL-17 and a pattern of inflammatory markers consistent with inflammatory Th1 in sera from patients with advanced appendicitis compared to phlegmonous appendicitis [11] . The minor allele A is more common in UC patients than in controls [12] . The IL-17A rs2275913 SNP is a functional polymorphism that modifies the binding of the nuclear factor activated T cells (NFAT) to the IL-17A promoter [40] . The A allele allows a stronger binding of NFAT, leading to a higher transcription and synthesis of the IL-17A. This data may partially support the described linkage of IL-17 to intestinal inflammation including phenotypic differences in appendicitis [11, 12, 39] .
We found that carriers of the G allele in CCL22 rs223888 (G>A) influence susceptibility to appendicitis and thereby constitute risk factor. Chemokines play an important role in the migration of immune cells to sites of inflammation and injury including the intestinal mucosa. The chemokine CCL22 is expressed in macrophages, dendritic cells, B cells, and intestinal epithelial cells and is a ligand for CC chemokine receptor 4 (CCR4). Consequently, CCL22 attracts CCR4bearing cells such as Th2 CD4 + and regulatory T cells (Treg) which may direct Th2-like inflammation and the immune balance in the intestinal mucosa [41, 42] .
We found a stronger association of advanced appendicitis with the genotypes A/G + G/G of SNP CD44 rs187115 compared to phlegmonous appendicitis suggesting that carriers of allele G have an increased risk of the development of advanced appendicitis. CD44 is an adhesion molecule expressed on different cell types with a wide variety of cellular functions including lymphocyte homing, inflammation, cell migration, and apoptosis [43] . Specifically, CD44 mediates interactions between the intestinal endothelium and circulating Th1 and Th2 lymphocytes, including rolling and adhesion [44] . Moreover, increased expression of CD44 has been detected in epithelium of UC and CD compared with controls [45] .
The role of CD44 genetic polymorphism for the severity of local systemic inflammation has not been well studied, and it has not been clarified how this polymorphism influences the activity and expression of CD44. As CD44 has been linked to lymphocyte homing and inflammation [43] , one may speculate that polymorphism in the CD44 gene might influence the aggressiveness of the inflammatory response.
Very few studies have reported about the association of genetic polymorphisms with appendicitis [15, 30, 46] . The present study provides novel information on the effects of the gene variant of IL-13, IL-17, CCL22, CTLA4, and CD44 on risk of appendicitis and severity of disease. The present study has relative low number of participants and was conducted in two hospitals in Sweden. The participants may therefore not be representative of the Swedish population. Secondly, it cannot be excluded that the investigated polymorphisms may be in linkage disequilibrium with other polymorphisms which modulate the susceptibility to appendicitis. Finally, the reference group consisted of patients with the non-specific diagnosis of NSAP. We cannot exclude that some of the non-operated patients with a NSAP diagnosis had in fact resolving appendicitis. This may however most likely lead to weakened associations.
In conclusion, we found polymorphisms in five genes that were associated with appendicitis and its severity. For two of these genes, we found age-related differences that are consistent with age related differences in the association of appendicitis and ulcerative colitis. These findings suggest that appendicitis is associated with a genetically orchestrated inflammatory response. This gives a new perspective on the etiology and pathogenesis of appendicitis and opens for an understanding of the links with chronic inflammatory bowel diseases. Identifying appendicitis as an inflammatory condition, as opposed to a bacterial infection, may also have a bearing on the current controversy regarding the efficiency of antibiotics treatment of uncomplicated appendicitis. credit line to the material. If material is not included in the article's Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
